External ATP and its analogs activate the cystic fibrosis transmembrane conductance regulator by a cyclic AMP-independent mechanism.
The cystic fibrosis transmembrane conductance regulator (CFTR) is a Cl- channel activated by protein kinase A and regulated by ATP in a complex manner. We have applied patch-clamp techniques to C127i mouse mammary carcinoma cells transfected with human CFTR to assess the role of external ATP in the modulation of CFTR function. Extracellular ATP was sufficient to activate non-rectifying, Cl(-)-selective whole-cell currents in CFTR-transfected, but not mock-transfected cells. The ATP-mediated activation of CFTR was independent of protein kinase A since channel activation by ATP was preserved in cells that were (a) depleted of intracellular ATP, (b) incubated with the cAMP antagonist Rp-cAMPS, or (c) exposed to the protein kinase A inhibitor, 5-24 amide. In each of these conditions, 8-Br-cAMP was no longer capable of activating CFTR. The possibility that the extracellular ATP activation of Cl- currents in CFTR-expressing C127i cells was mediated by a P2-type purinergic receptor was supported by studies in which the effect of external ATP on the Cl- currents was mimicked by the ATP analogs, ATP gamma S and beta,gamma-methylene ATP, but not the uridine nucleotide, UTP. Single-channel analysis of ATP-activated Cl -currents under both cell-attached and excised, inside-out patch-clamp configurations indicated that this channel is only present in CFTR-transfected cells and indistinguishable from CFTR. External ATP also activated ATP currents in CFTR-transfected cells, a novel function of CFTR. These findings are consistent with the presence of a purinergic receptor signal transduction mechanism in C127i cells whose activation by external ATP is linked to the activation of CFTR in a cAMP-independent manner. The data provide additional support for the use of ATP and its analogs as alternative therapies in cystic fibrosis.